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CARRIER FOR SILVER CATALYST, ITS
PREPARATION, A SILVER CATALYST MADE
FROM THE SAME AND ITS USE

FIELD OF THE INVENTION

The present invention relates to a carrier for a silver cata-
lyst, its preparation and its use. Specifically, the present
invention relates to an alumina carrier for silver catalyst, a
process for preparing said alumina carrier, a silver catalyst
made from said alumina carrier, and a use of said silver
catalyst in the production of ethylene oxide by the oxidization
of ethylene. The alumina carrier contains not only alumina
and promoters, but also titanium silicate molecular sieve(s),
and therefore has an improved catalytic activity.

BACKGROUND OF THE INVENTION

Ethylene is oxidized under the action of the silver catalyst
to mainly produce ethylene oxide, which is accompanied by
the side reaction to produce carbon dioxide and water. The
main properties of the silver catalyst include activity, selec-
tivity and stability. The activity is reflected by the reaction
temperature at which ethylene oxide is produced with a cer-
tain reaction load. The lower the reaction temperature is, the
higher the catalyst activity is. The selectivity means the ratio
of'the mole of ethylene that converts to ethylene oxide to the
total mole of ethylene that takes part in the reaction. The
stability is reflected by the rate at which the activity or selec-
tivity drops. The lower the dropping rate is, the better the
catalyst stability is.

The silver catalyst having high activity, high selectivity and
good stability during the production of ethylene oxide by the
oxidization of ethylene can improve the economical benefit
remarkably. Thus, it is a main research object of the silver
catalyst to make a silver catalyst having high activity, high
selectivity and good stability.

The silver catalyst preparation method in the prior art com-
prises the steps of preparing porous carrier such as alumina
and applying active components and promoters onto said
porous carrier.

Some new silver catalyst carrier technologies are reported
in recent years; for example, see the Chinese patent applica-
tion publication Nos. CN1511632A, CN1400048A and
CN1400053A.

SUMMARY OF THE INVENTION

The present inventors have made deep researches in the
field of the silver catalyst and its alumina carrier, and surpris-
ingly found that the addition of titanium silicate molecular
sieve during the preparation of the alumina carrier for silver
catalyst can improve the pore structure and strength of the
resulting carrier. The silver catalyst made from said carrier
can have an improved epoxidation ability and activity for the
oxidation of ethylene to ethylene oxide.

Therefore, an object of the present invention is to provide
an alumina carrier and a preparation for the same. The silver
catalyst, derived from said carrier or the carrier made from
said preparation, can have an improved epoxidation ability
and activity for the oxidation of ethylene to ethylene oxide.

Another object of the present invention is to provide a
silver catalyst prepared from the above-mentioned carrier.

Another object of the present invention is to provide a use
of the above-mentioned silver catalyst in the oxidation of
ethylene to ethylene oxide.
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Specifically, the present invention provides the following
technical solutions.
Solution 1

An alpha-alumina carrier, wherein said alpha-alumina car-
rier is modified with at least one titanium silicate molecular
sieve, preferably TS-series, ETS-series, -MCM-series, and
T-SBA-series, more preferably TS-1, TS-2, ETS-10, ETS-4,
T-MCM-41, and T-SBA-15, further more preferably TS-1,
ETS-10 or a mixture thereof.
Solution 2

The alpha-alumina carrier of Solution 1, which is charac-
terized in that the titanium-to-aluminum mass ratio in the
carrier is 0.00003-0.07, and the titanium-to-silicon atom ratio
on the carrier surface is 0.0001-0.33.
Solution 3

The alpha-alumina carrier of Solution 1, which is charac-
terized in that in case that said alpha-alumina carrier is modi-
fied with at least one TS-series, the titanium-to-silicon atom
ratio on the carrier surface is 0.0001-0.02, and in case that said
alpha-alumina carrier is modified with at least one ETS-
series, the titanium-to-silicon atom ratio on the carrier surface
is 0.20-0.33.
Solution 4

The alpha-alumina carrier according to any one of Solution
1-3, wherein said alpha-alumina carrier has one or more
properties of:

(1) a specific surface of 0.2-2.0 m*/g,

(2) a pore volume of 0.35-0.85 ml/g,

(3) a water absorption of 230%,

(4) a side crashing strength of 20-120N/particle,

(5) an alpha-alumina content of 70 wt % or more, based on

the total weight of the alpha-alumina carrier.
Solution 5

A process for preparing an alpha-alumina carrier, com-

prises the steps of

(D preparing a mixture of:

(a) based on the total weight of the solids in the mixture,
50-90 wt % of alpha-alumina trihydrate of 50-500
meshes;

(b) based on the total weight of the solids in the mixture,
5-50 wt % of pseudo-boehmite of =200 meshes;

(c) based on the total weight of the solids in the mixture,
0-1.5 wt % of heavy alkaline-earth metal compound;

(d) based on the total weight of the solids in the mixture,
0.1-3.0 wt % of fluoride mineralizing agent;

(e) based on the total weight of the solids in the mixture,
1-15 wt % of titanium silicate molecular sieve;

() based on the total weight of components (a) to (e), 15-60
wt % of binder; and

(g) an appropriate amount of water;

wherein the total weight of the solids in the mixture means
the total weight of components (a), (b), (c), (d) and (e),
and the total amount of all solid components in the above
mixture is 100% by weight;

(II) kneading the mixture obtained in the step (I) homog-

enously and extruding into shape to give shaped bodies; and
(I1T) drying the shaped bodies obtained in the step (1), and
then calcining them to the alpha-alumina carrier.
Solution 6

The process of Solution 5, wherein said fluoride mineral-
izing agent is one or more of hydrogen fluoride, aluminum
fluoride, ammonium fluoride, magnesium fluoride and cryo-
lite.
Solution 7

The process of Solution 5, wherein said heavy alkaline-
earth metal compound is one or more of oxides, sulfates,
acetates, nitrates, and oxalates of strontium and barium, pref-
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erably barium oxide, barium sulfate, barium nitrate, barium
carbonate or a mixture thereof.
Solution 8

The process of Solution 5, wherein said titanium silicate
molecular sieve is one or more of TS-series, ETS-series,
T-MCM-series, and T-SBA-series, preferably TS-1, TS-2,
ETS-10, ETS-4, T-MCM-41, and T-SBA-15, more preferably
TS-1, ETS-10 or a mixture thereof.

Solution 9

The process of Solution 5, wherein said binder is an acid.
Solution 10

The process of Solution 9, wherein the acid and pseudo-
boehmite are partially or completely replaced by alumina sol.
Solution 11

The process of Solution 9, wherein said acid is an aqueous
nitric acid solution, wherein the weight ratio of nitric acid to
water is 1:1.25-1:10, preferably 1:2-1:4.

Solution 12

The process of Solution 5, wherein in the step (III), the
calcination temperature is 1000° C.-1500° C., preferably
1000° C.-1400° C., and/or the calcination time is 2-24 hours.
Solution 13

The process of Solution 5, wherein in the step (1), based on
the total weight of the solids in the mixture prepared in the
step (D), the amount of component (a) is 65-80 wt %, the
amount of component (b) is 10-20 wt %, the amount of
component (c) is 0.1-1.0 wt %, the amount of component (d)
is 1.0-2.0 wt %, and the amount of component (e) is 4-9 wt %,
and/or the amount of component (f) is 15-20 wt % based on
the total weight of components (a) to (e), wherein the total
weight of the solids in the mixture means the total weight of
components (a), (b), (c), (d) and (e), the total amount of all
solid components in the above mixture is 100% by weight.
Solution 14

A silver catalyst useful in the oxidation of ethylene to
ethylene oxide, which is prepared by the method comprising
the steps of:

(1) Impregnating the alpha-alumina carrier according to
any one of Solutions 1-4 or impregnating the alpha-alumina
carrier prepared by the process according to any one of Solu-
tions 5-13 with a solution containing sufficient amounts of a
silver compound, an organic amine, an optional alkali metal
promoter, an optional alkaline-earth metal promoter, and an
optional rhenium promoter and optionally its co-promoter;

(2) Filtering the impregnation solution; and

(3) Activating the carrier obtained in the step (2) in an
oxygen-containing gas to produce the silver catalyst.
Solution 15

The silver catalyst according to Solution 14, wherein the
silver compound is silver oxide, silver nitrate and/or silver
oxalate, and the silver compound is used in such an amount
that measured on silver atom, silver is present in the silver
catalyst in an amount of 1-40%, preferably 5-25%, based on
the total weight of the silver catalyst.

Solution 16

The silver catalyst according to Solution 14, wherein said
alkali metal promoter is one or more of lithium, sodium,
potassium, rubidium and cesium compounds, preferably
cesium sulfate, cesium nitrate, lithium nitrate and/or potas-
sium hydroxide, especially preferably cesium sulfate, and the
alkali metal promoter is used in such an amount that measured
on alkali metal atom, the alkali metal promoter is present in
the silver catalyst in an amount of 0-2000 ppm, preferably
5-2000 ppm, more preferably 5-1500 ppm by weight, based
on the total weight of the silver catalyst.
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Solution 17

The silver catalyst according to Solution 14, wherein the
alkaline-earth metal promoter is one or more of magnesium,
calcium, strontium and barium compounds, such as one or
more of oxides, oxalates, sulfates, acetates and nitrates of
magnesium, calcium, strontium and barium, and the alkaline-
earth metal promoter is used in such an amount that measured
on alkaline-earth metal atom, the alkaline-earth metal pro-
moter is present in the silver catalyst in an amount of 0-10000
ppm, preferably 0-8000 ppm by weight, based on the total
weight of the silver catalyst.
Solution 18

The silver catalyst according to Solution 14, wherein the
rhenium promoter is one or more of rhenium oxides, perrhe-
nic acid, cesium perrhenate and ammonium perrhenate, pref-
erably ammonium perrhenate, and the rhenium promoter is
used in such an amount that measured on rhenium atom, the
rhenium promoter is present in the silver catalyst in an
amount of 0-2000 ppm, preferably 10-2000 ppm, more pref-
erably 100-1000 ppm by weight, based on the total weight of
the silver catalyst.
Solution 19

The silver catalyst according to Solution 14, wherein the
organic amine is pyridine, butyl amine, ethylene diamine,
1,3-propylene diamine, ethanolamine or a mixture thereof,
preferably a mixture of ethylene diamine and ethanolamine.
Solution 20

The silver catalyst according to Solution 14, wherein the
activation in the step (3) is conducted in air or a nitrogen-
oxygen mixed gas with oxygen content of 21 vol % or less.
Solution 21

The silver catalyst according to Solution 14, the activation
in the step (3) is conducted at a temperature of 180-700° C.,
preferably 200-500° C., and/or the activation time in the step
(3) is 1-120 mins, preferably 2-60 mins.
Solution 22

A process for producing ethylene oxide by ethylene oxi-
dation, wherein the silver catalyst according to any one of
Solutions 14-21 is used.

These aspects and other objects, features and advantages of
the present invention will be more apparent upon reading the
specification.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a scanning electron microscope for the car-
rier prepared in Example 1; and

FIG. 2 shows a scanning electron microscope for the car-
rier prepared in Example 2.

DETAILED DESCRIPTION

The alpha-alumina carrier of the present invention is an
alpha-alumina carrier modified with titanium silicate molecu-
lar sieve(s). Said carrier can be used to produce cthylene
oxide by ethylene oxidation. In some embodiments, titanium-
to-aluminum mass ratio in the carrier is 0.00003-0.07. In
some embodiments, titanium-to-aluminum mass ratio in the
carrier is 0.0001-0.05. In some embodiments, titanium-to-
aluminum mass ratio in the carrier is 0.001-0.04. In some
embodiments, titanium-to-aluminum mass ratio in the carrier
is 0.002-0.04. In some embodiments, titanium-to-silicon
atom ratio on the carrier surface is 0.0001-0.33. In some
embodiments, titanium-to-silicon atom ratio on the carrier
surface is 0.0001-0.02. In some embodiments, titanium-to-
silicon atom ratio on the carrier surface is 0.02-0.1. In some
embodiments, titanium-to-silicon atom ratio on the carrier
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surface is 0.1-0.33. In some embodiments, titanium-to-sili-
con atom ratio on the carrier surface is 0.2-0.33. In some
embodiments, said carrier is modified with at least one TS-
series, and the titanium-to-silicon atom ratio on the carrier
surface is 0.0001-0.02. In some embodiments, said carrier is
modified with at least one ETS-series and the titanium-to-
silicon atom ratio on the carrier surface is 0.20-0.33.

The present alpha-alumina carrier modified with titanium
silicate molecular sieve(s) has one or more properties of

(1) a specific surface of 0.2-2.0 m*/g,

(2) a pore volume of 0.35-0.85 ml/g,

(3) a water absorption of 30%,

(4) a side crashing strength of 20-120N/particle, and

(5) an alpha-alumina content of 70 wt % or more, based on
the total weight of the alpha-alumina carrier.

It is necessary for the preparation of the alpha-alumina
carrier of the present invention to use the alpha-alumina tri-
hydrate, i.e., component (a). The alpha-alumina trihydrate is
granular and has a particle size of 50-500 meshes, e.g., 200-
500 meshes. Based on the total weight of the solids in the
mixture prepared in the step (I), alpha-alumina trihydrate is
usually used in an amount of 50-90 wt %, such as 65-80 wt %,
e.g., 73-77 wt %.

It is also necessary for the preparation of the alpha-alumina
carrier of the present invention to use the pseudo-boehmite,
i.e., component (b). The pseudo-boehmite is granular and has
a particle size of 2200 meshes, such as =250 meshes, e.g.
200-400 meshes. Based on the total weight of the solids in the
mixture prepared in the step (1), pseudo-boehmite as compo-
nent (b) is usually used in an amount of 5-50 wt %, such as
10-20 wt %, e.g., 14-16 wt %.

In the preparation of the alpha-alumina carrier of the
present invention, the heavy alkaline-earth metal compound,
i.e., component (c) can be optionally used in the step (I). The
heavy alkaline-carth metal compound is strontium and
barium compounds, such as oxide, sulfate, acetate, nitrate and
oxalate of strontium and/or barium. In some embodiments,
barium oxide, barium sulfate, barium nitrate, barium carbon-
ate or a mixture thereof is used as the heavy alkaline-earth
metal compound. Based on the total weight of the solids in the
mixture prepared in the step (I), the heavy alkaline-earth
metal compound is added in an amount 0f 0-1.5 wt %, such as
0.1-1.0 wt %, e.g., 0.1-0.5 wt %.

In the preparation of the alpha-alumina carrier of the
present invention, the fluoride mineralizing agent is added as
component (d) so as to accelerate the alumina crystal form
conversion. The fluoride used in the present invention is an
inorganic fluoride, comprising hydrogen fluoride, ammo-
nium fluoride, aluminum fluoride, magnesium fluoride, cryo-
lite and the like, such as one or more of hydrogen fluoride,
aluminum fluoride, ammonium fluoride, magnesium fluoride
and cryolite, e.g., ammonium fluoride. For the purpose of the
present invention, based on the total weight of the solids in the
mixture prepared in the step (I), the fluoride mineralizing
agent is added in an amount of 0.1-3.0 wt %, such as 1.0-2.0
wt %.

In the preparation of the alpha-alumina carrier of the
present invention, it is further necessary to add at least one
titanium silicate molecular sieve as component (e). The tita-
nium silicate molecular sieve can be of TS-series, ETS-series,
molecular sieves obtained by introducing Ti atoms into pure
silicon molecular sieve (e.g., T-MCM-series, T-SBA-series),
such as one or more of TS-1, TS-2, ETS-10, ETS-4, T-MCM-
41 and T-SBA-15, e.g., TS-1, ETS-10 or a mixture thereof.
For the purpose of the present invention, based on the total
weight of the solids in the mixture prepared in the step (1), the
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6
titanium silicate molecular sieve is added in an amount of
1-15 wt %, such as 3-10 wt %, e.g., 4-9 wt % or 6-9 wt %.

In the preparation of the alpha-alumina carrier of the
present invention, a binder can be added as component (f).
The binder and pseudo-boehmite in the mixture form an
alumina sol, which bind components in the mixture together
to form an extrudable paste. The binder comprises an acid,
such as nitric acid, formic acid, acetic acid, propionic acid,
hydrochloric acid and the like. Alternatively, the acid and
pseudo-boehmite can be partially or completely replaced by
alumina sol. In case of using the acid as binder, it is preferable
to use an aqueous nitric acid solution, wherein the weight
ratio of nitric acid to water is 1:1.25-1:10, preferably 1:2-1:4.
For the purpose of the present invention, the binder is usually
added in an amount of, based on the total weight of compo-
nents (a) to (e), 15-60 wt %, such as 15-20 wt %.

In a preferable embodiment for the preparation of the
alpha-alumina carrier of the present invention, based on the
total weight of the solids in the mixture prepared in the step
(D), the amount of component (a) is 65-80 wt %, the amount of
component (b) is 10-20 wt %, the amount of component (c) is
0.1-1.0 wt %, the amount of component (d) is 1.0-2.0 wt %,
and the amount of component (e) is 4-9 wt %, and/or the
amount of component (f) is 15-20 wt % based on the total
weight of components (a) to (e), wherein the total weight of
the solids in the mixture means the total weight of compo-
nents (a), (b), (¢), (d) and (e), the total amount of all solid
components in the above mixture is 100% by weight.

After kneading the mixture obtained in the step (I) homog-
enously, in general, a paste is obtained. It is usually advanta-
geous for the present invention to firstly mix components (a),
(b), (¢) (if any), (d) and (e) homogenously and charge into the
kneader, and then add components (f) and (g) to knead into a
paste, in particular an extrudable paste. The obtained paste is
shaped, particularly by extrusion to produce shaped bodies.
The shaped bodies can be dried to a moisture content of 10 wt
% or less. The drying temperature can be 80-120° C. The
drying time can be controlled depending on the moisture
content, for example, the drying time is 1-24 hours. The
obtained shaped bodies can be in a form of ring, sphere,
column or multihole column or the like.

After drying, the shaped bodies are generally calcined at a
temperature of 1000° C.-1500° C., such as 1000° C.-1400° C.
for not less than 1 hour, e.g. 2-24 hours, such as 2-8 hours.
Substantially all of alumina, for example, more than 90% of
alumina can be converted to alpha-alumina by the calcination
s0 as to obtain the alpha-alumina carrier.

Thus, according to another aspect of the present invention,
the alpha-alumina carrier prepared by the above-mentioned
process is provided, wherein said carrier has the following
characteristics: a specific surface of 0.2-2.0 m*/g, a pore
volume of 0.35-0.85 ml/g, a water absorption of 230%, (4) a
side crashing strength of 20-120N/particle, and an alpha-
alumina content of 70 wt % or more, based on the total weight
of the alpha-alumina carrier.

According to the present invention, the specific surface
area of the carrier is measured according to the International
Standard ISO-9277 by the Nitrogen Gas Physical Adsorption
BET Method. For example, the specific surface area of the
carrier can be measured with Nitrogen Gas Physical Adsorp-
tion Instrument NOVA2000e (Quantachrome Corp., USA).

The pore volume of the carrier is measured by the mercury
porosimetry. For example, the pore volume of the carrier can
be measured with AutoPore9510-type Mercury Porosimeter
(Micromeritics Instrument Corp., USA).
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The content of the alkaline-earth metal in the carrier can be
obtained by calculation or measurement (for example, X-Ray
fluorescence).

The side crashing strength of the carrier, for example, can
be measured with the DL II type Particle Strength Tester
(manufactured by Dalian Research and Design Institute of
Chemical Industry) by randomly selecting thirty carrier
sample particles, measuring the side crashing strength for
each particle, and then calculating the average of the side
crashing strength.

The water-absorption of the carrier means the volume of
water which is absorbed in saturation by a unit mass of the
carrier and is expressed as ml./g. The water-absorption can be
determined by weighing a certain amount of the carrier (as-
suming its mass as m1), boiling the carrier in the boiling water
for 1 hour, removing the carrier from the boiling water, keep-
ing the carrier upright on a wet gauze having a suitable water
content to remove the redundant water from the carrier,
finally weighing the water-absorbing carrier (assuming its
mass as m2), and calculating the water-absorption according
to the following formula:

Water absorption=(m2-m1)/ml/p,,,,.,, wherein an p,,,,...
is the water density at the measuring temperature under atmo-
spheric pressure.

The titanium-to-silicon (Ti/Si) atom ratio on the carrier
surface is measured on a PHI Quantera SXM photoelectron
spectrometer using Al Ko radiation (hv=1486.6 V), wherein
all measured values of binding energies (BE) are referred to
the Cls line at 284.8 eV.

The titanium-to-aluminum (Ti/Al) mass ratio in the carrier
is measured by a Rigaku ZSX-100 e X-ray fluorescence
(XRF) spectrometer.

The alpha-alumina carrier produced by the process for
preparing the alumina carrier according to the present inven-
tion can be in a conventional form in the art, such as ring,
sphere, column, multihole column or the like.

After obtaining the alpha-alumina carrier of the present
invention, a silver catalyst can be produced in a manner
known by the skilled person in the art or in a conventional
manner. For example, the silver catalyst of the present inven-
tion can be produced by impregnating the above alumina
carrier with a solution containing a silver compound and an
organic amine.

Thus, according to another aspect of the present invention,
a silver catalyst useful in the oxidation of ethylene to ethylene
oxide is provided, which silver catalyst is prepared by the
method comprising the steps of:

(1) Impregnating the above-mentioned alpha-alumina car-
rier with a solution containing sufficient amounts of a silver
compound, an organic amine, an optional alkali metal pro-
moter, an optional alkaline-earth metal promoter, and an
optional rhenium promoter and optionally its co-promoter;

(2) Filtering the impregnation solution; and

(3) Activating the carrier obtained in the step (2) in an
oxygen-containing gas to produce the silver catalyst.

The above silver compound can be any silver compound
suitable for preparing the silver catalyst useful for the pro-
duction of ethylene oxide. According to the present invention,
silver oxide, silver nitrate and/or silver oxalate can be used.
The amount of the silver compound used in the impregnation
procedure should be sufficient so that the finally produced
silver catalyst contains 1-40 wt %, such as 5-25 wt % of'silver
measured on the silver atom based on the total weight of the
silver catalyst.

The above organic amine compound can be any organic
amine compound suitable for preparing the silver catalyst
useful for the production of ethylene oxide, provided that the
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organic amine compound has an ability to form a silver-amine
complex with the silver compound. For the purpose of the
present invention, pyridine, butyl amine, ethylene diamine,
1,3-propylene diamine, ethanolamine or a mixture thereof,
such as a mixture of ethylene diamine and ethanolamine can
be used.

Inthe method for preparing the silver catalyst of the present
invention, the optionally used alkali metal promoter can be
lithium, sodium, potassium, rubidium or cesium compound
(such as nitrate, sulfate and hydroxide) or a mixture thereof.
In some embodiments, the alkali metal promoter is one or
more selected from lithium, potassium and cesium com-
pound, such as cesium sulfate, cesium nitrate, lithium nitrate
and/or potassium hydroxide. In some embodiments, the alkali
metal promoter is cesium sulfate. In some embodiments, the
alkali metal promoter is added to the impregnation solution in
such an amount that the alkali metal is present in the final
catalyst in an amount of 0-2000 ppm, such as 5-2000 ppm or
5-1500 ppm by weight, measured on the alkali metal atom.

Inthe method for preparing the silver catalyst of the present
invention, the optionally used alkaline-earth metal promoter
can be one or more of magnesium, calcium, strontium and
barium compound, such as oxide, oxalate, sulfate, acetate and
nitrate. In some embodiments, the optionally used alkaline-
earth metal promoter can be barium and/or strontium com-
pound, such as barium acetate and/or strontium acetate. In
some embodiments, the alkaline-earth metal aid is added to
the impregnation solution in such an amount that the alkaline-
earth metal is present in the final catalyst in an amount of
0-10000 ppm, such as 0-8000 ppm by weight, measured on
the alkaline-earth metal atom.

Inthe method for preparing the silver catalyst of the present
invention, the optionally used rhenium promoter can be rhe-
nium oxides, perrhenic acid, perrhenates, or a mixture
thereof. In some embodiments, the optionally used rhenium
promoter is perrhenic acid and perrhenates, such as perrhenic
acid, cesium perrhenate, ammonium perrhenate or any mix-
ture thereof, especially ammonium perrhenate. In some
embodiments, the rhenium promoter is added to the impreg-
nation solution in such an amount that the rhenium metal is
present in the final catalyst in an amount of 0-2000 ppm,
preferably 10-2000 ppm, more preferably 100-1000 ppm by
weight, measured on the rhenium metal atom.

In case that the impregnation solution contains the rhenium
promoter, a co-promoter of the rhenium promoter can be
added so as to further improve the activity, the selectivity and
the stability of the obtained silver catalyst. The co-promoter
of the rhenium promoter according to the present invention
can be a compound of any transitional metal in the Periodic
Table, or a mixture of transitional metal compounds, such as
an oxyacid of an element selected from Groups VIB and
VIIB, and a salt thereof, for example, tungstenic acid, sodium
tungstate, potassium tungstate, ammonium tungstate, cesium
tungstate, molybdic acid, ammonium molybdate, ammonium
metatungstate. In some embodiments, the co-promoter of the
rhenium promoter is used in such an amount that the co-
promoter of the rhenium promoter is present in the final
catalyst in an amount of 0-1000 ppm, such as 0-500 ppm by
weight, measured on the weight of active element.

For the purpose of the impregnation of step (1), it is favor-
able to impregnate the alumina carrier below an atmosphere
pressure, such as under an absolute pressure of below 10
mmHg. The impregnation is usually conducted for 10-60
minutes. After filtering, the carrier obtained in the step (2) is
activated in an oxygen-containing gas, i.e., the step (3) is
conducted to produce the silver catalyst. The activation in the
step (3) is favorably conducted in air or a nitrogen-oxygen
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mixed gas with oxygen content of 21 vol % or less; the
activation temperature is usually 180-700° C., such as 200-
500° C., and the activation time is usually 1-120 mins, such as
2-60 mins.

A silver catalyst can be obtained by the method for prepar-
ing the silver catalyst of the present invention, and shows an
improved epoxidation ability and activity for the oxidation of
ethylene to ethylene oxide.

Thus, the present invention also relates to a use of the silver
catalyst according to the present invention in the production
of ethylene oxide by oxidation of ethylene.

EXAMPLES

The present invention will be illustrated by the following
examples, but the scope of the present invention is not limit
thereto.

The Catalyst Performance Evaluation

The silver catalysts used in the examples of the present
invention were tested in the laboratory micro-reactor for the
catalytic reaction performance and the stability. In the micro-
reactor testing apparatus, the reactor was a stainless steel
reaction tube having an inner diameter of 4 mm. The reaction
tube was disposed in a heating jacket. The loading volume of
the catalyst was 1 mL. The inert filler was disposed in the
lower portion so that the catalyst bed was located in the
constant temperature area of the heating jacket.

The standard evaluation conditions for the catalytic activ-
ity and the selectivity used in the present invention are as
follows:

The composition of the reaction gas (mol %):

Ethylene (C,H,) 28.0+1.0
Oxygen (O,) 74£02
Carbon dioxide (CO,) <3.0
Ballast gas(N,) Balance
Inhibitor 1,2-dichloroethane 0.1 ppm-2.0 ppm
Reaction pressure 2.1 MPa
Space velocity 7000/h

The concentration of ethylene oxide 2.5 mol %

(EO) in the effluent from the reactor

Space-time yield 342 g EO/mlCat./h

Under a certain space velocity, when the reaction becomes
stable and reaches the above reaction conditions, the compo-
sitions of the gases at the inlet and the outlet of the reactor are
continually measured. The measurement results, after apply-
ing the volume-shrinkage correction thereto, are used to cal-
culate the selectivity according to the following formula:

AEO

§=— Y sioo%
AEO+05xACO,

wherein AEO is the ethylene oxide concentration differ-
ence between the outlet and the inlet of the reactor; and ACO2
is the carbon dioxide concentration difference between the
outlet and the inlet of the reactor. Ten or more sets of experi-
ment data are taken and averaged as the experiment result of
that day.

The Preparation for Carrier
Example 1

403 g of alpha-alumina trihydrate (200-500 meshes), 81 g
of pseudo-boehmite (200-400 meshes), 7 g of NH4F and 1.0
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g of BaSO4 were placed into a mixer to mix homogenously,
transferred into a kneader, then added a diluted nitric acid
aqueous solution (nitric acid:water=1:3 by weight, 90 mL),
kneaded to an extrudable paste, and extruded into shape to
give five-hole cylinder bodies with an outer diameter of 8.0
mm, a length of 6.0 mm and an inner diameter of 1.0 mm. The
cylinder bodies were dried at 80-120° C. for 10 hours, and the
free water content was decreased to below 10 wt %. The
resulting dried cylinder bodies were placed in an electric
furnace and heated up during a course of 30 hours from room
temperature (about 25° C.) to 1400° C., and kept at that
temperature constantly for 2 hours to obtain a white alpha-
alumina carrier, which was named as Z-1. The scanning elec-
tron microscope of the carrier Z-1 was shown in FIG. 1.

Example 2

379 g of alpha-alumina trihydrate (200-500 meshes), 76 g
of pseudo-boehmite (200-400 meshes), 30 g of TS-1 (ob-
tained from China University of Petroleum, Beijing), 7 g of
NH4F and 1.0 g of BaSO4 were placed into a mixer to mix
homogenously, transferred into a kneader, then added a
diluted nitric acid aqueous solution (nitric acid:water=1:3 by
weight, 84 mL), kneaded to an extrudable paste, and extruded
into shape to give five-hole cylinder bodies with an outer
diameter of 8.0 mm, a length of 6.0 mm and an inner diameter
of 1.0 mm. The cylinder bodies were dried at 80-120° C. for
10 hours, and the free water content was decreased to below
10wt %. The resulting dried cylinder bodies were placed in an
electric furnace and heated up during a course of 30 hours
from room temperature to 1400° C., and kept at that tempera-
ture constantly for 2 hours to obtain a white alpha-alumina
carrier, which was named as Z-2. The scanning electron
microscope of the carrier Z-2 was shown in FIG. 2.

Example 3

367 g of alpha-alumina trihydrate (200-500 meshes), 74 g
of pseudo-boehmite (200-400 meshes), 44 g of TS-1 (ob-
tained from China University of Petroleum, Beijing), 7 g of
NH4F and 1.0 g of BaSO4 were placed into a mixer to mix
homogenously, transferred into a kneader, then added a
diluted nitric acid aqueous solution (nitric acid:water=1:3 by
weight, 83 mL), kneaded to an extrudable paste, and extruded
into shape to give five-hole cylinder bodies with an outer
diameter of 8.0 mm, a length of 6.0 mm and an inner diameter
of 1.0 mm. The cylinder bodies were dried at 80-120° C. for
10 hours, and the free water content was decreased to below
10wt %. The resulting dried cylinder bodies were placed in an
electric furnace and heated up during a course of 30 hours
from room temperature to 1400° C., and kept at that tempera-
ture constantly for 2 hours to obtain a white alpha-alumina
carrier, which was named as Z-3.

Example 4

379 g of alpha-alumina trihydrate (200-500 meshes), 76 g
of pseudo-boehmite (200-400 meshes), 30 g of ETS-10 (ob-
tained from China University of Petroleum, Beijing), 7 g of
NH,F and 1.0 g of BaSO, were placed into a mixer to mix
homogenously, transferred into a kneader, then added a
diluted nitric acid aqueous solution (nitric acid:water=1:3 by
weight, 84 mL), kneaded to an extrudable paste, and extruded
into shape to give five-hole cylinder bodies with an outer
diameter of 8.0 mm, a length of 6.0 mm and an inner diameter
of 1.0 mm. The cylinder bodies were dried at 80-120° C. for
10 hours, and the free water content was decreased to below
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10wt %. The resulting dried cylinder bodies were placed inan
electric furnace and heated up during a course of 30 hours
from room temperature to 1400° C., and kept at that tempera-
ture constantly for 2 hours to obtain a white alpha-alumina
carrier, which was named as Z-4.

Example 5

367 g of alpha-alumina trihydrate (200-500 meshes), 74 g
of pseudo-boehmite (200-400 meshes), 44 g of ETS-10 (ob-
tained from China University of Petroleum, Beijing), 7 g of
NH4F and 1.0 g of BaSO4 were placed into a mixer to mix
homogenously, transferred into a kneader, then added a
diluted nitric acid aqueous solution (nitric acid:water=1:3 by
weight, 83 mL), kneaded to an extrudable paste, and extruded
into shape to give five-hole cylinder bodies with an outer
diameter of 8.0 mm, a length of 6.0 mm and an inner diameter
of 1.0 mm. The cylinder bodies were dried at 80-120° C. for
10 hours, and the free water content was decreased to below
10wt %. The resulting dried cylinder bodies were placed inan
electric furnace and heated up during a course of 30 hours
from room temperature to 1400° C., and kept at that tempera-
ture constantly for 2 hours to obtain a white alpha-alumina
carrier, which was named as Z-5.

The carriers described in Examples 1-5 were measured
respectively for side crashing strength, water absorption, spe-
cific surface area, pore volume, alkaline-earth metal content
in the carrier, Ti/Si atom ratio and Ti/Al mass ratio. The

results were shown in Table 1.
TABLE 1
The physical properties of Examples 1-5
Carrier

Z-1 Z-2 Z-3 Z-4 Z-5
Side Crashing 79 83 85 84 87
Strength(N/particle)
Water Absorption(%) 56 37 34 39 35
Specific Surface 1.32 1.23 1.20 1.25 1.21
Area(m2/g)
Pore Volume(mL/g) 0.52 0.48 045 0.49 0.45
Ba Content (wt %) 0.11 0.11 0.11 0.11 0.11
Ti/Si Atom Ratio — 0.0005 0.0182 0.21 0.31
Ti/Al Mass Ratio 0 0.0022 0.0033 0.024 0.036

The Preparation for Catalysts
Example 6

700 g of silver nitrate was dissolved into 750 ml of deion-
ized water to give a first solution. 325 g ammonium oxalate
was dissolved into 250 ml of deionized water at 50° C. to give
a second solution. These two solutions were mixed under a
violent stirring to form a white silver oxalate precipitate, aged
for 1 hour, and filtered. The filter cake was washed with
deionized water until no nitrate group ion was in the filtrate to
give asilver oxalate pasty filter cake containing about 60 wt %
of silver and about 15% of water.

To a glass flask with a stirrer were added 300 g ethylene
diamine, 110 g ethanolamine and 375 g deionized water to
give a mixed solution. The prepared pasty silver oxalate was
slowly added to the mixed solution while stirring. The solu-
tion temperature was maintained at a temperature between
-5° C. and 10° C., and silver oxalate was dissolved com-
pletely. Then 2.2 g cesium sulfate and 1.4 g strontium acetate
were added. Deionized water was further added so that the
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solution reached 2000 g to give an impregnation solution for
use. The impregnation solution had a silver content of 22 wt
%.

100 g of the carrier Z-1 prepared in Example 1 was placed
into a glass vessel which can be vacuumed. The vessel was
vacuumed to an absolute pressure below 10 mmHg, and into
the vessel was poured the above formulated impregnation
solution until the carrier was immerged, maintained for 30
mins, filtered to remove the redundant solution, then heated in
an air stream at 350° C. for 5 mins, and cooled to give a Silver
Catalyst named as CZ-1.

Example 7

Example 6 was repeated, except that 100 g carrier Z-1 was
replaced by 100 g carrier Z-2 to give a Silver Catalyst named
as CZ-2.

Example 8

Example 6 was repeated, except that 100 g carrier Z-1 was
replaced by 100 g carrier Z-3 to give a Silver Catalyst named
as CZ-3.

Example 9

Example 6 was repeated, except that 100 g carrier Z-1 was
replaced by 100 g carrier Z-4 to give a Silver Catalyst named
as CZ-4.

Example 10

Example 6 was repeated, except that 100 g carrier Z-1 was
replaced by 100 g carrier Z-5 to give a Silver Catalyst named
as CZ-5.

The catalysts CZ-1, CZ-2, CZ-3, CZ-4 and CZ-5 prepared
in Examples 6-10 were respectively analyzed for the silver
and promoter contents, wherein all of the contents were based
on the metal elements. The results were shown in Table 2.

In addition, under the evaluation conditions given in the
above section “The catalyst performance evaluation,” the sil-
ver catalysts were evaluated for the activity and selectivity of
the catalysts in the micro-reactor evaluation apparatus. The
results were shown in Table 2.

InTable 2, the reaction temperature and the selectivity refer
to the data on the sixth day of the reaction.

Reaction
Ag Cs Sr Temp-
Content content Content  erature EO Selectivity
Catalyst (wt %) (ppmw) (ppmw) (°C) (mol %) (%)
CZ-1 16.2 363 282 229 2.5 82.1
CZ-2 15.9 361 279 219 2.5 82.3
CZ-3 16.3 361 287 225 2.5 82.1
CZ-4 16.3 362 285 220 2.5 82.2
CZ-5 16.0 363 280 225 2.5 82.2

The invention claimed is:

1. A carrier comprising alpha-alumina and at least one
titanium silicate molecular sieve selected from the group
consisting of TS-series molecular sieves, ETS-series molecu-
lar sieves, Ti-MCM-series molecular sieves, Ti-SBA-series
molecular sieves, TS-1 molecular sieve, TS-2 molecular
sieve, ETS-10 molecular sieve, ETS-4 molecular sieve, Ti-
MCM-41 molecular sieve, Ti-SBA-15 molecular sieve, and a
combination thereof.



US 9,144,793 B2

13

2. The carrier of claim 1, wherein a titanium-to-aluminum
mass ratio in the carrier is between 0.00003 and 0.07, as
determined using a x-ray fluorescence (XRF) spectrometer,
and wherein the titanium-to-silicon atom ratio on a surface of
the carrier is between 0.0001 and 0.33, as determined using a
x-ray photoelectron spectrometer (XPS).

3. The carrier of claim 1, wherein:

when said carrier comprises at least one TS-series molecu-
lar sieve, a titanium-to-silicon atom ratio on a surface of
the carrier is between 0.0001 and 0.02, as determined
using a x-ray photoelectron spectrometer (XPS); and

when said carrier comprises at least one ETS-series
molecular sieve, the titanium-to-silicon atom ratio on
the surface of the carrier is between 0.20 and 0.33, as
determined using a x-ray photoelectron spectrometer
(XPS).

4. The carrier of claim 1, wherein said carrier has one or

more of the following properties

(1) a specific surface of 0.2-2.0 m*/g,

(2) a pore volume of 0.35-0.85 ml/g,

(3) a water absorption capacity of 3%,

(4) a side crushing strength of 20-120N/particle, and

(5) an alpha-alumina content of 70 wt % or more, based on
the total weight of the carrier.

5. A process for preparing a carrier of claim 1, comprising

the steps of

(D) preparing a mixture comprising:

(a) an alpha-alumina trihydrate of 50-500 meshes at 50-90
wt %, based on the total weight of the solids in the
mixture;

(b) apseudo-boehmite of 2200 meshes at 5-50 wt %, based
on the total weight of the solids in the mixture;

(c) a heavy alkaline-earth metal compound at 0-1.5 wt %,
based on the total weight of the solids in the mixture;

(d) a fluoride mineralizing agent at 0.1-3.0 wt %, based on
the total weight of the solids in the mixture;

(e) a titanium silicate molecular sieve at 1-15 wt %, based
on the total weight of the solids in the mixture;

(f) a binder at 15-60 wt %, based on the total weight of
components (a) to (e); and

(g) an appropriate amount of water; wherein the total
weight ofthe solids in the mixture means the total weight
of components (a), (b), (c), (d) and (e), and the total
amount of all solid components in the above mixture is
100% by weight;

(II) kneading the mixture obtained in the step (I) to produce
a homogenous composition and extruding the homog-
enous composition into shape to give shaped bodies; and

(II1) drying at least one of the shaped bodies obtained in the
step (II), and then calcining it to form the carrier,

wherein said heavy alkaline-earth metal compound is
selected from the group consisting of oxides, sulfates,
acetates, nitrates, and oxalates of strontium and barium,
and a mixture thereof.

6. The process of claim 5, wherein said fluoride mineral-
izing agent is selected from the group consisting of hydrogen
fluoride, aluminum fluoride, ammonium fluoride, magne-
sium fluoride, cryolite and a combination thereof.

7. The process of claim 5, wherein said heavy alkaline-
earth metal compound is selected from the group consisting
of barium oxide, barium sulfate, barium nitrate, barium car-
bonate, and a mixture thereof.

8. The process of claim 5, wherein said binder is an acid.

9. The process of claim 8, wherein said acid is an aqueous
nitric acid solution, and wherein the weight ratio of nitric acid
to water is between 1:1.25-1:10.
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10. The process of claim 5, wherein, in step (II), the
calcination temperature is 1000° C.-1500° C. and the calci-
nation time is 2-24 hours.

11. The process of claim 5, wherein the amount of compo-
nent (a) is 65-80 wt %, the amount of component (b) is 10-20
wt %, the amount of component (c¢) is 0.1-1.0 wt %, the
amount of component (d) is 1.0-2.0 wt %, and the amount of
component (e) is 4-9 wt %, and/or the amount of component
(f) is 15-20 wt % based on the total weight of components (a)
to (e).

12. A method for preparing a silver catalyst, comprising the
steps of:

(1) impregnating the carrier of claim 1 with a solution
containing sufficient amounts of a silver compound, an
organic amine, an optional alkali metal promoter, an
optional alkaline-earth metal promoter, an optional rhe-
nium promoter, and an optional co-promoter of the rhe-
nium promoter;

(2) separating the solution from the carrier; and

(3) activating the carrier obtained in the step (2) in an
oxygen-containing gas to produce the silver catalyst.

13. The method according to claim 12, wherein said silver
compound is silver oxide, silver nitrate, silver oxalate, or a
combination thereof, and said silver compound is used in an
amount that measured on silver atom, silver is present in the
silver catalyst in an amount of 1-40%, based on the total
weight of the silver catalyst.

14. The method according to claim 12, wherein the solution
comprises said alkali metal promoter, said alkali metal pro-
moter is one or more of lithium, sodium, potassium,
rubidium, or cesium compounds, and said alkali metal pro-
moter is used in an amount that measured on alkali metal
atom, said alkali metal promoter is present in the silver cata-
lyst in an amount of 5-2000 ppm by weight, based on the total
weight of the silver catalyst.

15. The method according to claim 12, wherein the solution
comprises said alkali metal promoter, said alkaline-earth
metal promoter is selected from the group consisting of a
magnesium oxide, a magnesium oxalate, a magnesium sul-
fate, a magnesium acetate, a magnesium nitrate, a calcium
oxide, a calcium oxalate, a calcium sulfate, a calcium acetate,
a calcium nitrate, a strontium oxide, a strontium oxalate, a
strontium sulfate, a strontium acetate, a strontium nitrate, a
barium oxide, a barium oxalate, a barium sulfate, a barium
acetate, a barium nitrate, and a combination thereof, and
wherein said alkaline-earth metal promoter is used in an
amount that, when measured by alkaline-earth metal atoms,
said alkaline-earth metal promoter is present in the silver
catalyst in an amount of less than 10000 ppm by weight,
based on the total weight of the silver catalyst.

16. The method according to claim 12, wherein the solution
comprises said rhenium promoter, said rhenium promoter is
selected from the group consisting of a rhenium oxide, per-
rhenic acid, cesium perrhenate, ammonium perrhenate, and a
combination thereof and wherein said rhenium promoter is
used in an amount that, when measured by rhenium atoms,
said rhenium promoter is present in the silver catalyst in an
amount of less than 2000 ppm by weight, based on the total
weight of the silver catalyst.

17. The method according to claim 12, wherein the organic
amine is selected from the group consisting of pyridine, butyl
amine, ethylene diamine, 1,3-propylene diamine, ethanola-
mine, or a combination thereof.

18. The method according to claim 12, wherein the activa-
tion in the step (3) is conducted in air or a nitrogen-oxygen
mixed gas with oxygen content of 21 vol % or less.
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19. The method according to claim 12, wherein activating
step (3) is conducted at a temperature of 180-700° C. and the
activation time is 1-120 mins.

20. A process for producing ethylene oxide by ethylene
oxidation, comprising the steps of:

producing a silver catalyst according to the method of

claim 12; and

carrying out an oxidation reaction of ethylene in presence

of' the silver catalyst.

21. The method according to claim 14, wherein said alkali
metal promoter is present in the silver catalyst in an amount of
5-1500 ppm by weight, based on the total weight of the silver
catalyst.
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